Abstract-A novel series of metal complexes of 2-(thiazol-2-ylimino) thiazolidin-4-one ligand
INTRODUCTION
Antimicrobial drugs are used to treat infection diseases caused by various pathogenic strains are essential medicines for human and animal health [1] . The treatment of infection is animportant and requirementtask [2] . Although there are already numerous classes of antibacterial agents, there has been s ome significant emerging resistance in most pathogenic bacteria to these drugs [3, 4] . For inhibition of this serious medical issue, it is essential to develop some new antibacterial agents or to expand the bioactivity of the previously used drugs. Metal-based antibacterial compounds appear to be a promising research to designing a novel therapeutic methodology for new antibiotic drugs to control and prevent the growth of bacterial strains [5] . In continuation of our previous studies in developing new antibacterial agents against resistant microorganisms ,in the present work we report the synthesis of metal complexes derived from 2-(thiazol-2-ylimino)thiazolidin-4-one ligand [6] . This bioactive ligand has thiazole and thiazolidin moiety (Figure 1(a) ).Recently, synthesis of thiazole and thiazolidin derivatives has shown much interest [7] .Thiazole ring as a common structural feature has been employed in various pharmaceutically molecules and among the organic compounds, thiazolidin ligands have been investigated significantly [8] . Thiazolidin derivatives have variety of biological and industrial activities. The presence of a thiazolidine ring in penicillin was the first recognition of its presence in this drug. Thiazolidin-4-one represents a prevalent scaffold in drug discovery. Previous works showed that thiazolidin exhibit anti tubercular, antimicrobial, antioxidant and antifungal activity [9] .It has been reported that the presence of aryliden moieties at different positions of the thiazolidin ring improvedits biological activity. Various researcheshave shown the tendency of this ligand to form complexes with radionuclides for potential use in nuclear medicine [10] . This ligand can coordinate to metal ions through either the nitrogen or the sulphur of the rings. In this paper some new metal complexes were synthesized from 2-(thiazol-2-ylimino)thiazolidin-4-one ligand and tested for their in vitro antibacterial activities against Gram positive and Gram negative bacteria. II. METHODS All the chemicals and solvents bought from SigmaAldrich and Fluka Company and were used without further purification. UV-Vis absorption spectra were recorded on a Cary 100 spectrophotometer. 1 H-NMR spectra of ligand were performed on Brucker 250 MHz spectrometer in DMSO-d6 using tetramethylsilane as internal standard. The FTIR spectra were recorded using a Shimidzo 300 spectrometer. Melting points of the compounds were obtained by an electro thermal melting point apparatus and were not corrected. The progress of the reactions was monitored by thin layer chromatography (TLC) with silica-gel precoated sheets using nhexane/EtOAC 1/3 as eluent; UV light was used for detection. General procedure for synthesis of metal complexes 2-(thiazol-2-ylimino)thiazolidin-4-one (L) was synthesized according to previous literature [11] . First, a solution of (0.1mmol) metal(II) chloride in methanol (10 mL) was prepared and thenthe solution of L (0.2mmol) in methanol (25 mL) was added to it. The resulting mixture was refluxed for 4-5 h at 45 °C. Followed by allowing it to stir overnight to ensure the completion of reaction. After, the resulting solid was obtained from the solution by filtration it was washed and recrystallized with ethanol and finally dried in vacuum desiccator overnight. 
2-(thiazol-2-ylimino)thiazolidin-4-one (L)
:
Antibacterial activities
The ligand and all the synthesized complexes were tested for their in vitro antibacterial activities against two Gramnegative (Escherichia coli (ATCC 25922), pseudomonas aeruginosa (ATCC 27853)) and one Gram-positive (staphylococcus aureus (ATCC 25923) bacteria strains using agar well-diffusion method. The tests were performedby the methodology recommended in the procedures of the National Committee for Clinical Laboratory Standards (NCCLS) [12] . The entiremicroorganism was cultured onto Muller-Hinton agar (MHA) medium and incubated for 18-24 h at 37 °C. The synthesized compounds were dissolved in DMSO (100 µg/ml). Suspensions of each bacteria strain were reached from their 24 h cultures to obtain approximately 1.5 ×10 8 CFU/ml (colony forming units) and controlled with 0.5 McFarland turbidity standard. In the agar welldiffusion test, an amount of 20 ml sterile Muller Hinton Agar and 100 µl of suspension of each bacteria were transferred to sterile petri dishes and allowed to solidify. The wells were tunnelled in the culture plates using a sterile cork borer (8 mm in diameter) and 100 µl of sample solution was poured to separate wells. Standard antibiotic drug (Tetracycline) was also used as positive control. The plates were incubated for 18-24h at 37 °C. After this period of time, results were determined by measuring inhibition zones formed around each well as millimetres (mm) diameter.
III.
RESULTS AND DISCUSSION 2-(thiazol-2-ylimino)thiazolidin-4-one (L) was synthesized according to previous literature [11] and the method for its synthesis is illustrated in Scheme 1. In the first step, 2-Chloro-N-(thiazol-2-yl)acetamide(2) was prepared from 2-aminothiazole (1)whichthrough heterocyclization process under reflux condition in the presence of ammonium thiocyanatethe corresponding ligand was achieved. The resulting ligand consists of thiazole and thiazolidine rings which could coordinate to the metal ions through sulphur atoms. All the metal complexes were obtained in high yield and characterized with molar conductance, FTIR, UV-Vis and Mass spectroscopy analysis. 
Characterization of Ligand
In the 1 HNMR spectrum of L the two aromatic protons appear at 7.40 and 7.60 ppm as doublet peaks. The signals of NH proton observed at 12.13 ppm while the aliphatic protonsare shown at 4.03 ppmas a singlet peak. The H-NMR spectrum of ligand is shown in Figure 1 .
Fig.1: The 1 H-NMR spectrum of ligand.
The FTIR spectra of L showed a strong peak at 3114 cm -1 indicating the N-H group, as well as CNSbandappeared at 2073 cm -1 . The C-H (aromatic) and C-H (aliphatic) stretching bands are appearing at 2965 and 2824 cm -1 , respectively. Also a strong peak appeared at 1715 cm -1 due to the C=O stretching frequency and the C=N group was observed at 1639 cm -1 .
In the UV-Visible spectrum of L two intense bands were observed at 250 and 300 nm. The former can be assigned to  transition of aromatic ring and the later is due to the n of -C=N and C=O groups. The mass spectrum of the corresponding ligand is in good agreement with the proposed structure. The molecular ion peak for this compound was observed at m/z= 199, which is equal to the molecular weight of this ligand.The mass spectrum of ligand is shown in Figure 2 . 
Characterization of metal complexes
Percent yields of metal complexes were in the range 68-83%. Among these metal complexes the highest yield was achieved for CuL metal complex (83%) with molar conductance of 10
.The proposed structure of the metal complexes is shown in Figure 3 . In the UV-Visible spectra of all the complexes slight shifts are observed in intra ligand transitions to the lower wavelength compared to the free ligand. The copper (Ⅱ) complex shows bands at 25, 310 and 510 nm due to the, n and 2 B1g→ 2 B2gtransitions. Cobalt (Ⅱ) complex shows peaks at 600 and 680 nm,whileNickel (Ⅱ) complex shows absorptions at 360 and 420 nm. The d-d transitions are related to 4 T1g→ 4 T1g(p) and 4 T1g→ 4 A2g in Co(II) and 3 A2g→ 3 Eg in Ni(II) complexes. According to these transition, for Cu(II) and Ni(II) square-planner geometry are proposed, but octahedral geometry is suggested for Co(II) complex [13] [14] [15] . The mass spectra of the complexes are in good agreement with the proposed structures. The molecular ion peaks for the Cu(II), Co(II) and Ni(II) complexes were witnessed at m/z= 462, 530 and 474 respectively, are equal to their molecular mass. The other peaks in the mass spectrum were attributed to the fragmentation of the complex obtained from the rupture of different bonds inside the molecule. Antibacterial activity Antibacterial activity of the parent ligand,its metal complexes and standard antibiotic drug (Tetracycline) were carried out against bacteria like Escherichia coli, and pseudomonas aeruginosa, which represented as gram negative bacteria and Staphylococcus aureus, which served as gram positive bacteria, using Muller Hinton agar medium by well method.The evaluation of antibacterial effect, represented by measuring the diameter of inhibition zone, is shown in Table 2 .Among all of the metal complexes, the compound with Ni metal ion showed maximum antibacterial activities with the zone inhibition diameter from 25-29 mm.The antibacterial activities against Staphylococcus aureus increased in the order:NiL>CoL> L>CuL. The antibacterial activities against Escherichia coli increased in the order:NiL>CoL> L. The Cu complex has no antibacterial activity against this strain. Also the antibacterial activities against pseudomonas aeruginosa increased in the order:NiL>Co L. In general, the antibacterial activity of metal complexes was better than the parent ligand except in Cu complex which has a low activity against all the microorganisms . This phenomenon can be explained based on Tweedy's chelation theory [16] [17] [18] . The chelation reduces the polarity of metal ion to some extent due to the overlap of the ligand orbital and partial sharing of the positive charge of the metal. The chelation increases th e delocalization of p-electrons over the whole chelate ring and enhances the lipophilicity of the complexes which, in turn, increases the penetration of the complexes into lipid membranes, and results in blockage of metal sites in the enzymes of the microorganisms. In addition, metal complexes hinder the respiration process of the celland, block the synthesis of proteins and prevent further growth of the organism.
IV. CONCLUSION The corresponding ligand, 2-(thiazol-2-ylimino) thiazolidin-4-one (L) was prepared from reaction 2-Chloro-N-(thiazol-2-yl) acetamidewith ammonium thiocyanate in good yield. In the next step, The copper(II), cobalt(II) and nickel(II) complexes were prepared by reaction of corresponding ligands and metal salts in molar ratio 2:1(L:M). The ligand and its metal complexes were characterized by several spectroscopic methods. The results confirmed that the Cu(II) and Ni(II) complexes have square planar geometry while the Co(II) complexes have octahedral geometry. All the synthesized compounds were screened for their in vitro antibacterial activity against Gram-positive and Gram-negative microorganisms. The NiL complex showed highest antibacterial activity compared to other compounds.
ACKNOWLEDGEMENT
We grateful to thank the Islamic Azad University, Tehran North Branch for financial support. 
